Background: The purpose of this study is to identify which variables -among those commonly available and used in the primary care setting-best predict mortality in a cohort of elderly dependent patients living at home (EDPLH) that were included in a home care program provided by Primary Care Teams (PCT). Additionally, we explored the risk of death among a sub-group of these patients that were admitted to hospital the year before they entered the home care program.
Background
A major challenge for family doctors today is to provide appropriate care for the growing elderly dependent population living at home (EDPLH) that are unable to pay a visit to existing health centre facilities. EDPLH patients represent approximately 10% of the population over 65 years of age [1] , and would be labelled as frail patients under a geriatric definition [2] . This group of patients is traditionally included in home care programmes run by primary care nurses and family doctors.
There is a reported increased risk of death following hospital admission in these patients, and primary care interventions that provide integrated social and health care services to them have demonstrated a reduction in hospital admission rates [3, 4] . In this respect, previous published studies have identified comorbidity, discontinuity of care, demand and social problems as major causes of hospital admissions among EDPLH patients benefitting from home care programmes [5, 6] . Further, it is known that pressure ulcers are a major predictor of death in patients living at home or in nursing homes. Existing studies have shown that pressure ulcers double the risk of death for these patients during the subsequent year [7, 8] .
Comorbidity, dependency and poor self-perceived physical and mental health status have also been identified as independent predictors of mortality among the elderly population [9] [10] [11] [12] [13] [14] [15] . Despite comorbidity being associated to an increased risk of death, some studies have argued that it is the combination of specific pathologies which explains this risk [16, 17] . These studies, however, refer to community dwelling old patients in general and not to EDPLH patients in particular.
The purpose of this study is to identify which variablesamong those commonly available and used in the primary care setting-best predict mortality in a cohort of EDPLH patients benefitting from home care programmes in primary care. Our interest is therefore to explore how patient's characteristics, carer's and services dimensions relate to the probability of dying, both for all EDPLH patients included in the study and for a subgroup of patients that were admitted into hospital care the year before inclusion in the home care program.
Methods
This is a longitudinal one-year follow-up study of a cohort of elderly patients living at home (EDPLH). The methodology of the study has been published elsewhere [6, 18] . This study was conducted in Catalonia, a region in Spain with a National Health Service that provides health care to every citizen free of charge at the point of delivery. Primary care in the region is provided by 340 Primary Care Teams (PCT), with the participation of family doctors and community nurses, each of them covering an area ranging from 5 to 25 thousand inhabitants. Each individual PCT delivers a home care programme addressing the needs of patients who cannot pay a regular visit to a primary care centre. This is done in addition to the regular services provided within primary care facilities, which consists of basic medical assistance and nursing care as well as an emergency service, both at the primary care centre and at the patients' home. In addition, other centralised 24h emergency services are available, activated by patients' telephone calls.
The research protocol of this study was approved by the Ethics and Research Committee in the Jordi Gol i Gurina Primary Care Research Institute.
Criteria for inclusion required patients to be noninstitutionalised, chronically ill [19] , 65 years of age and over, who were unable to autonomously seek care in a primary health care centre. Patients selected for the study were already included in a home care programme. The recruitment period was between the 1st July and the 31st December 2005. Patients who had been admitted to hospital care before the baseline assessment were considered as a subgroup and analysed separately.
Patient exclusion criteria included refusal to participate, transitory patients (followed by the primary care team for less than 9 months/year), patients with a life expectancy below 4 months, patients receiving transitory post-surgical care, and when both the patient and the carer had been diagnosed with dementia.
Informal carers are defined in the study as those looking after the basic needs of the patient, receiving no specific remuneration for that task and having a close relationship (next-to-kin or friend) with the patient.
Sampling
Regarding patient recruitment, each of the 378 primary health care professionals who agreed to cooperate in the study selected, on average, 3 patients fulfilling the inclusion criteria. Participating professionals work throughout the Catalan territory, including rural and urban areas. They collaborated in the study on a voluntary basis and no randomisation was performed. They were asked to include in the study at least the first three patients that were found eligible under the agreed inclusion and exclusion criteria. Each of these professionals acted as collaborative researcher and a member of the research team trained them in their tasks. Health professionals were responsible for the administration of the questionnaires used in this study and the gathering of the necessary patient data from clinical visits, clinical records and reports from other health care providers.
Data collection
The following data were collected from each patient at baseline and after one year follow-up: patient clinical characteristics, comorbidity level (Charlson test) [20] , functional status (Barthel test) [21] , cognitive status (Pfeiffer test) [22] , existence of decubitus ulcers, risk of appearance of ulcers (Braden test) [23] , subjective health status (SF-12) [24] , social risk (Gijon Test) [25] and carer burden (Zarit test) [26] . All the questionnaires mentioned above have been validated for use in a Spanish context.
In addition we looked into variables that measured the utilisation of health and social services including hospital admissions (defined as the patient remaining in acute hospital care for over 24 h), emergency room visits, home emergency visits data, primary care and community services activity data. The utilisation of social services included home help, tele-assistance, meals on wheels, volunteer care, social work visits, day centre and nursing homes, among others. These variables were collected for all patients one year before the baseline assessment and during the one year follow up period.
The utilisation of health and social services the year before the baseline assessment was extracted from patient's clinical records. Collaborative researchers in the study also collected the same utilisation variables prospectively during follow up.
Researchers participating in the study received training for data collection standardisation and collected data were analysed centrally. A continuous data quality assurance process was in place in order to minimize errors and information losses. A research team member audited and validated 10% of the data gathered by collaborative researchers from patients' original clinical records. The Kappa index and interclass correlation index were used to test the concordance among registers [6] . The results showed an adequate concordance.
Statistical analysis
A descriptive analysis is provided including average and standard deviation for all continuous variables. We analysed baseline differences between individuals who died and those who did not die during the study period by means of the Mann-Whitney-Wilcoxon non-parametric test. Categorical variables were analysed using the chisquare test and Fisher's exact test. We agreed on a p-value significance level of p < 0.05.
Following a bivariate analysis we included significant variables in a logistic regression model, in which the dichotomous dependent variable was vital status. We used stepwise techniques for inclusion and exclusion of variables in the model, testing the significance of each individual variable by means of a deviance analysis. We ran two separate analyses, one including all patients in the sample, and a second analyses including only patients with an informal carer. Accordingly, carerrelated variables were excluded from the first analysis since not all patients had an informal carer. The statistical results are expressed in terms of odds ratios (OR) and 95% confidence intervals (CI). The statistical package used was R [27] .
We fitted a second logistic regression model in order to identify those variables that best explained the event of death among those patients that were hospitalised the year before entering the home care program. The resulting predictive model shows the probability of death among home care patients that were hospitalised before entering the program, in terms of patient's characteristics, carer's and service variables. We used the Hosmer-Lemeshow test to report the goodness of fit and ROC curve analysis to assess the discriminatory power of the model.
Results
A total of 1,093 EDPLH patients were included in the study. Patients that completed the study (1,001) had a mean age of 83.7 years (±6.8 sd.), 66.8% were female (729). 290 patients died during the one year follow-up (28.9%).
As reported in Table 1 , patients lost to follow-up (92) had similar characteristics to patients who were followed up (1,001), with the exception of the former receiving proportionally more rehabilitation at home and having a higher average number of days temporarily admitted to nursing homes.
Regarding personal characteristics, health status and life-styles of patients included in the study, Table 2 shows there are some significant differences between those who died and those who survived until the end of the study. Indeed, female gender is a relevant variable in the study associated to survival both in the whole population as well as in the hospitalized subgroup. Similarly, individuals who survived in both groups showed lower comorbidity, higher levels of autonomy, less risk of pressure ulcers and lower prevalence of pressure ulcers. In the entire sample -in contrast to what was observed in the sub-group of patients admitted to hospital-, survival was associated to less cognitive impairment and higher score in physical and mental self-perceived health status.
Furthermore, patients who died during follow-up received a higher proportion of informal care, largely provided by women carers, and these informal carers reported a higher burden of care as measured by the Zarit test (see Table 3 ). In contrast, informal care was not found to be a significant variable in explaining survival among patients that were hospitalised the year before they entered the home care program.
With respect to health and social services utilisation (Tables 4 and 5 ), patients dying during the follow-up year received largely the same amount of services in the year before their death as those who survived, with the exception of a lower use of tele-assistance services (8.3% vs. 13.6%) and hospital at home services (1.4% vs. 1.6%), and a higher use of health centre emergency services (17.2% vs. 10.3%), emergency community services (24.8%, 15.3%), and in-patient care (1.6% vs. 0.9%). In the sub-group of 226 patients admitted into hospital before entering the home care program, no differences were found in health and social services utilisation (Tables 4 and 5 ) except for a higher use of centralized after-hours emergency community services among patients who died.
Variables found to be independently associated to the risk of dying during follow-up in this EDPLH group (N=1,001) were male gender, comorbidity (as measured by the Charlson test), the number of hospital admissions the year before, and both the existence of and degree of pressure ulcers (see Table 6 ). When considering the EDPLH group with an informal carer (N=821) we found the same variables associated to risk of dying as in the total sample with the exception of gender, and two additional variables, namely self assessed health status (as measured by SF-12) and burden on the carer (as measured by the Zarit test) (see Table 7 ).
Variables that predict the risk of dying among those patients that were hospitalised before entering the home care program were male gender, comorbidity (as measured by the Charlson test), having received home care rehabilitation, and both the existence and degree of pressure ulcers. The resulting predictive model is represented by the formula below. The Homer-Lemeshow goodness of fit test is p=0.4837. The probability of dying during the next year can be calculated by the following equation: The area below the ROC curve is 0.754 (95%CI=0.689-0.820) (see Figure 1) . The sensitivity and specificity values are 65.12% and 71.11%, respectively. True positive predictive value is 0.59 and true negative predictive value is 0.76.
Discussion
EDPLH patients constitute a frail population with a high risk of dying. Our study shows that approximately a quarter of these patients died during the one-year follow-up period. Variables that independently predict death are found to be male gender, comorbidity, the existence of pressure ulcers and the number of hospital admissions the year before the baseline assessment. Among patients with an informal carer, those EDPLH patients with worse perceived and objective health status who are looked after by heavily burdened informal carers have a greater probability of dying during the following year. Since hospital admission was identified as a risk factor for death, we went further and built a predictive model of death for that sub-group of patients. This model yielded a formula of an acceptable discriminative power that includes sex (male), comorbidity (as measured by the Charlson index), degree of pressure ulcers, and having received home care rehabilitation. The formula also accounts for the fact that the Charlson index predicts a higher risk of death among women that men. This is a simple formula, that can be easily calculated by the doctor at the bed-side when deciding which would be the best therapeutical path to follow. The main limitation of this research is that the sample of patients included in the study is not representative of all patients visited by primary care teams, since it was not a randomised sample. However, the sample was large enough to fulfil the objectives of the study. In addition, as patients who were lost to follow-up were probably sicker, this might imply that some of the odds ratios obtained in the study are under-estimates.
Variables found as significant predictors of mortality in EDPLH patients might be associated to other variables such as malnutrition, frailty syndrome and severity of comorbidity, that were not collected in this study.
Contrary to other published research on very elderly populations [28] , in the present study physical functionality itself was not associated to mortality. We understand that physical functionality is somewhat hidden in our study since patients included are all home care patients with reduced autonomy, unable to move out of their homes and showing a low Barthel test score.
Previous research with the same cohort has found that hospital admissions are related to lack of coordination among services as well as demand induced by family relatives and patients themselves [6] .
Published studies have found that admission to hospital is not always to the benefit of these EDPLH patients because admission could aggravate the preexisting pathological status of these patients [29] [30] [31] . It is thus of paramount importance to identify patients at a high risk of dying during hospitalisation before they are actually admitted. Some predictive models of death for community dwelling elderly patients have been published, that use either self-reported data [32] or clinical data [11, 17] . General practitioners and emergency doctors could routinely use these instruments in order to avoid costly [33] and lethal hospitalisation. Family relatives should be informed of the benefits of maintaining these patients at home during their acute episodes [34] .
We have contributed to this literature by arguing that the risk of dying does not disappear after hospitalization but prevails thereafter. It is therefore of utmost importance to take the patient's record of previous hospital utilisation into account when entering a given home care program. Our predictive formula allows for the identification of those patients with a greater probability of a reduced life expectancy (below one year). It could therefore be of assistance in selecting those patients who would benefit from palliative care.
It is worth noticing that none of the variables related to the utilisation of primary health care services during the previous year are related to better survival. On the contrary, the number of hospital admissions increases the risk of death in this EDPLH population. Further, primary care services are bound to have no differential effect on the risk of death since they are available to all patients in largely the same regime. The few published studies looking at the connection between home care services and mortality, have found no relationship [17] . Other studies report improvement in survival as a consequence of providing housekeeping and personal assistance services [35, 36] , or as a result of these frail patients visiting a day centre [37] . Nursing and medical home care services seem to have little effect if not accompanied by the provision of community social services [38] .
In the light of the above findings we would recommend future research into management policies and practices addressing this group of patients. We encourage research on the effectiveness of preventive measures among EDPLH patients in three areas. First, to assess whether a more adequate detection, assessment and treatment of comorbidity would improve survival. Second, to investigate the effectiveness of pressure ulcer prevention actions such as informing carers and family relatives about adequate diet and postural management strategies, and counselling health care services on the public provision of specific mattresses for these patients. Finally, we suggest further research on management strategies for a subgroup of patients that could benefit from a more end-of-life oriented care in their home setting without hospitalisation. This might avoid unnecessary direct and indirect costs to the health care system and to the family. Information systems already in place could serve the purpose of identifying these high-risk patients, allowing for appropriate and timely professional action.
Conclusions
Family doctors and community nurses could play an active and central role in the management of EDPLH patients using mortality risks assessment in the management of each individual patient. The predictive model presented here could help doctors make decisions on therapeutic alternatives for these EDPLH. This would improve the quality of existing home care programs. High-risk patients could benefit greatly from a more end-of-life oriented care in their home.
